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The dependence of the diflfractive nuclear shadowing and the nuclear pion excess 
effect on the deuteron spin alignment leads to a substantial tensor polarisation of 
sea partons in the deuteron. The corresponding tensor structure function 62(2;, Q^) 
rises towards small x, and we predict the about one percent tensor asymmetry 
A2{x,Q'^) = b2{x,Q^) / F2d{x,Q^). We calculate the shadowing of the gluon dis- 
tribution in the deuteron for two different pomeron gluon-distributions. For a hard 
gluon dominated IP-structure function, as advocated by HI, we find large gluon 
shadowing, which appears to be in conflict with the DGLAP analysis of nuclear 
SF's. 



1 The shadowing driven tensor structure function 

It is a common theoretical prejudice, that in the high energy hmit (a; — > in 
DIS), total cross sections cease to depend upon the beam and target polariza- 
tions. However we shall see in the following, that the tensor piilarization of 
sea quarks in a deuteron is substantial and even rises for a; — > OEJ. Let S* be a 
spin-1 operator, then the tensor polarization Tik — ^{SiSk + SkSi — is 
a T-even and P-even observable. As such it is accessable in DIS of unpolarized 
leptons on the (tensor-)polarized deuteron. Let n be the deuteron-spin quan- 
tization axis, and X = S ■ n the spin projection upon the quantization axis. 
Then the total photoabsorption cross sections ct'^^-' ^I?) bear a dependence 
upon the deuteron polarization state, and thus on the tensor polarizationi (for 
the case of real photons see alscEl): cr'^^^ (7^ ^D) — ao + (T2Tiknink + ■•■ The 
corresponding structure functions arc introduced through 

^2'^ = jS^{^^''\itD)+cj^^\iID)). (1) 

If one choses the 7* — Z?-collision axis for the quantization axis (z— axis), the 
structure function 62 can be defined as: 

b2{x,Q^) = \[F^'^\x,Q^) + Ft\x,Q^)~2F!f\x,Q^)] 

= ^ E Q') + Q^) - 2gf '(a:, Q^)]. (2) 
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Here the last line is the expression for 62 in the parton model, and (/y^-* stands 
for the parton density in the hadron with spin projection A on the z— axis. 
In the same manner one defines the transverse 6t = 2xbi and longitudinal 
bL = b-i — bT structure functions. It was only the impulse approximation (lA) 
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Figure 1: Impulse approximation (a) and Gribov's inelastic shadowing (b),(c) diagrams for 
DIS on the deuteron. 

that had been employed in the discussion of the tensor structure functions 
before Bel. What has been found is a contribution to 62 that vanishes in the 
limit a; — > and is only the per-mille effect even at moderate x. Furthermore, 
in the lA one can derive the sum rule jj^ dx bi{x,Q^) = 0. A conjecture had 
been made by Close and Kumano for it to hold also beyond the impulse 
approximation, under the assumption of an unpolarised sea. We shall see that 
the results of the beyond-the-IA evaluation of the tensor structure function 
imply that such a sum rule for bi cannot exist. The appropriate framewark for 
DIS on nuclear targets is the Glauber-Gribov multiple scattering theorjErH. The 
inelastic shadowing diagrams lead to the nuclear eclipse effect: atot{j*D) = 
<^tot{'7*p) + <ytot{l*n) — Aashil* D) and two production mechanisms of the 
inelastically exited intermediate state X have to be distinguished: in diffractive 
nuclear shadowing (NSH) the state X is produced by pomeron exchange, the 
second mechanism is the exitation of X by pion exchange. The diffractive NSH 
contribution can readily be calculated using Gribov's theory extended to DIS 



dtdJVP 



•(3) 



Here M is the mass of the state X, k — {k±,kz) is the momentum of the 
pomeron, and S'^''(4fc^) = J d^r\"i!^^\'r)\^exp{—ir- k) denotes the deuteron 
formfactor. It is of crucial importance to include in the calculation the Z?— wave 
admixture in the deuteron wavefunction 5'^'', as it turns out that the diffrac- 
tive NSH contribution to the tensor structure function is mainly due to the 
S — D— interference. A further ingredient of the calculation is the differential 
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cross section da^{'^* X)/dtdM'^ for the diffraction dissociation of the vir- 
tual photon into the state X on the proton, which can be written in terms of 
the diffractive structure function. We make use of a theoretical calculation of 
the diffractive cross sectionQ that reproduces the HERA data on diffraction - 
this should be demanded of any reliable calculation of the nuclear shadowing. 
Schematically, the diffractive contribution can be cast into the convolution 
form: 

AF^2\x,Q') = f ^An^^)^MFM — ,Q% (4) 

where An^^^ ^^{xjp) is the nuclear modification of the pomeron flux. The sec- 
ond mechanism is pion exchange: it dominates "f*p — » nX, and contributes 
substantially to — ^ pX at moderately small xip. One can derive an anal- 
ogous convolution formula as for the pomeron contribution, only the pomeron 
flux and structure function get replaced by the corresponding pionic quan- 
tities. From these representations one can read off the evolution properties 
of the two contributions; diffractive NSH is known to be the leading twist, 
DGLAP-evolving effect 0. That the pionic contribution is DGLAP evolving 
is self-evident, as the Q^-dependence enters only through the pion structure 
function. Our results for 62 and the related asymmetry A2 = ^2/^21) can be 
seen in fig.2a,b) . 

2 Constraining the glue in the Pomeron by nuclear shadowing 

At present, there are several conflicting claims about the gluon density in the 
pomeron: the colour dipole model calculations by Nikolaev and Zakharov, 
on which our evaluations of the diffractive NSH are based predicts that glu- 
ons and quarks carry about an equal fraction of the pomeron's momentum, 
(xg) — (xv)- In contrast to that the DGLAP fits to the HI diffractive struc- 
ture function data prefer the gluon dominated pomeron: (xg) ^ (xy)- The 
two options for glue in the pomeron, Gtp{x, Q^) = xgjp{x, Q^) give drastically 
different predictions for the shadowing correction 

AGil\x,Q') = f ^An^^]^{xjp)Gjp{ — ,Q% (5) 

to the gluon structure function of the deuteron, see fig 2c). A similar for- 
mula holds for the pionic contribution. There are no direct experimental 
data on nuclear shadowing of glue in the deuteron, but precision data on 
shadowing in DIS on heavy nuclei allow one to perform the DGLAP analy- 
sis of nuclear structure functions. Eskola et al. in their recent analysis find 
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Figure 2: (a) The tensor structure function of the deuteron f)2 {x, Q^) at = lOGeV^ and its 
diffractive NSH and pion excess components, (b) the tensor polarization A2{x, Q^) of quarks 
and antiquarks in the deuteron at = lOGeV^. Also shown (by the dotted line) is the 
longitudinal tensor structure function b]^(x,Q^) (in (a)) and the corresponding asymmetry 
(in(b)).(c) Diffractive shadowing correction to the gluon distribution in the deuteron for two 
different pomeron gluon distributions: the HI parametrization with {xq) 3> (xv) and the 
prediction from NZ, for which {xq) ~ {xy). The dashed lines are for = 4GeV^, the solid 
ones for = 2.25GeV^ 

= /^g[1\x,QI)/AG{x,QI) ~ 0.15 at Ql ~ 2.2bGeV^,x ~ 0.001 for the 
^^C-nucleus which is about the same cis-shadowing of sea quarks. The straight- 
forward nuclear size arguments suggest that RQ{deuteron) ~ 0.3-i?Q('*7Je) ~ 
0.2 • Rq{^'^C), i.e. a ^ 3% effect for the deuteron, which agrees with the re- 
sult for the NZ-glue in the pomeron. In contrast, the very strong shadowing 
predicted by the HI glue is in an obvious conflict with the NMC experimental 
data on nuclear shadowing. 

3 Conclusions 

We have demonstrated that the deuteron tensor structure function at small x 
is driven by the inelastic nuclear shadowing. It is rising towards small x, which 
makes it a unique spin effect - all other spin effects in total cross sections are 
known to die out at high energies. It was shown that this fact leads to the 
conclusion, that the Close-Kumano sum- rule does not exist. Our findings o£a 
rise of ^2 at small x have also been confirmed by calculations of other groupstj. 
Further it was demonstrated, that a hard gluon dominated pomeron structure 
function leads to strong gluon shadowing in the deuteron, which is quite suspect 
in view of the DGLAP-phenomenology of nuclear structure functions. 
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Figure 3: (a)Shadowing contributions to the deutcron gluon SF: diffractivc NSH(solid 
line) and pionic contribution (dashed line).(b)Gluon tensor asymmetry Ag{x,Q'^) = 
(G(±) {x, Q2) _ 0(0) (a;^ q2)) /qD (j.^ Q2y diffractive (solid line) and pionic (dashed line) con- 
tributions; Q2 = 4GeV^. 
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